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Th* project was deilgned to: (1) determine the free-air peak over- 
preemre ve« dletanee curve for air burst atoaio bombt at oyerpreeeurt 
below those corered by existing data» (2) deteralne the path of the 
triple poi&t at high altitudes for at least one shot« (3) asasure the 
relative strengths of the free-air and reflected shocks abars the tri- 
ple point and of the Mach shock below the triple point* 

The project participated in Shots 4 and 9 because the points of 
detonation were of sufficient height above terrain to give a good sep- 
aration of direct and reflected shocks over a wide ranee of distances* 
The operation was aeooaplished by deploying Ik parachute-borne canis- 
ters in Shot k (6 April) and 20 canisters in Shot 9 (6 May).    Two B-29s 
were used in laying down each array*   The prelialnary positioning of 
the canisters was determined so as to meet the objectives stated above 
and the positions and tines of canister release were adjusted to attain 
these positions at shock arrival tine with allowance for wind drift 
during tine of fall« 

lach canister contained an altimeter transducer, two differential 
pressure transducers 9 and a radio telemetry transmitter«    The telemeter- 
ed pressure and altimeter data were recorded at a ground station« 

Complete data were received fron all canisters in both tests.    In 
Shot k all canisters were in the region of regular reflection«    In Shot 
9 Ik canisters were in the region of regular reflection and 6 were in 
the Mach region«    In addition to the main direct and reflected shocks» 
a small tecondary shock and its ground reflection were received at 
nearly all canisters on Shot 9* 

The free-air values have been normalised to 1 KT in a homogeneous 
eea-level atmosphere and used to extend the TUMBLKB composite free-air 
curve down to overpressures of about 0.07 psl«    A comparison of this 
curve with the results of previous tssts at low heights of burst has 
been made to determine the effective reflection factor for these earlisr 
shots«    The path of the triple point has been determlntd for Shot 9 
over the range of altitudes between 6500 and 10,500 ft and sons tenta- 
tive conclusions have been reached on the distribution of peak over- 
pressures in ths reflected and fetch shocks in ths neighborhood of the 
triple point« 
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This report it one of the reports presenting the results of the 78 
projects partieipatinc in the Military Effects Tests Prograa of Opera- 
tion TJPSHOT-ICHOTHOI2» which inclnied 11 test detonations*   Tor readers 
interested in other pertinent test Information, reference is nade to 
inV7Ö2t Svamry Benort of the Technical Director, Hilitaiy Effects Pro- 
Cnus«   This sroBBary report includes the follovinc inforaatlon of pos- 
sible general interest« 

a»     An overfall description of each detonation» 
including yield« height of burst, ground seto 
location, tine of detonation, anbient atnospheric 
conditions at detonation, etc», for the U shots« 

b. Coapilatlon and correlation of all project 
results on the basic aeasureaeats of blast and 
shock, thermal radiation, and nnclear imdiation« 

Compilation and correlation of the various 
project results on weapons effects* 

i 
d. 

e» 

A.  sunaary of each project, including objectives 
and results« 

▲ complete listing of all reporte covering the 
Idlitary Effects Tests Progiam, 

Kmm 
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CHAPTER 1 

nmwwiBffl 

i.i QjOEiin 

1.?.   BICIC&BDUMD 

I • 

I • 

I • 

Th% prlwtry objective of this project was to obtain data on the 
peak overpressure in the free-air shock wave fro a an atonic detonation 
before the arrival of the ground reflected wave*    Measurement» were * • 
particularly desired in the range of overpressures fron about 8 tc 0.25 
psi in order to extend the neasurenents made by the shock velocity meth- 
od at higher overpressures down to the range of interest in connection 
with the establishment of lethal and safe envelopes for aircraft in the 
vicinity of an atoaic explosion* 

Secondary objectives were to determine the form of the free-air 
pressure pulse» to establish the path of the triple point at high alti- 
tudes« and to measure the peak overpressures of the reflected and Mach 
shocks* 

I   • 

I   • 

»   • 

The »dlitary requirement for an operational test of the Pnche 
theory relative to the blast wave in an inhoBogeneous atmosphere was 
undertaken by the Terrestrial Sciences Laboratoryp Air Force Cambridge 
Research Center (AFCRC), in early 1950. Tollowing development of in- 
atnusents and techniques, actual tests were conducted at Operations 
JASGIE, 31UPPER, and 171 • The JAKGIX project was principally designed 
to check out instrumentation end techniques« At SKAPPKR peak overpres- 
sure measurement» were made over a wide range of distances and altitudes 
and it was shown that the variation with altitude was consistent with 
that deduced fro© the Pucha scflint' law. The results obtained at IVY, 
although roughly consiatent with the 5NAFPLH data, did not cover a suf- 
ficiently large range of altitudes to provide an unambiguous test of the       s   • 
applicability of Pucha scaling to weapons of very large yield. 

In all of these tests the shots were either surface burst» or fired 
at a low ecaled height and, with the exception of three measuremente at 
King shot of ITT, all measurements were made in the region of Mach re- 
flection«  It was therefore not possible to deduce the equivalent free- 
air vmluee without introducing questionable assumptions with regard to t   • 
ground reflectivity. Since It is primrily the free-air peak overpres- 
sure that is desired for the computation of blast effects on aircraft, 
additional measurements with a high air burst were required* 

Uiiii-SinED 
i      • 
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CHAFfXE 2 

2a BMB a ngmaa ai wmirat 
▲mgrt of p&raoliut«-bom« i&ttnuMxit«d omnititrs v«r« dtployod 

fro* two aircraft, fht plaanad potltlont are shown in Fift« 2.1 and 
2.2, fha pianos of tho amjt voro off tat froa ground itrot bat in tho 
ficorot tba eanittor positions are plottad at true horitontal distance 
and slant ranco ra^ardlsss of atioath* Aabisnt prsssnra and ovsrprss- 
sura data wsra tslonstsrad continuously froa ths canisters to a «round 
recordinc station« In SSAPFIH it was established by independent posi- 
tion asasureaents ueinc »n electronic aultiple object tracklnc sjstea 
(H0T8) that slant ranges could be ooaputed from shook arriTal tiae with 
en accuracy of 2 to 3 per cent« As this is better then the expected 
accuracy of the peak OTerpressure aaasureaents» shook arrival tiass and 
the teleaetered aabient pressure data were usad for position determina- 
tion with reepeot to the detonation» The asiaruths of the canistsrs from 
the shot are aeadad only for the purpose of applyin« a small wind cor- 
rection to the computed slant rancee» and could be estimated with suffi- 
cient aoouracy from the radar treck of the dropping aircraft. 

Shot 4 was fired at such a great height of burst that it was not 
expected that the triple point would reach the canistsr altitude within 
the range of interesting overpressures t ConsequentlyB no attempt wae 
mode to extend the array to intercept the path of the triple point, for 
Shot 9 e preehot estiaate of the path wae aade on the basis of HI data 
sad the eaaieter array äS deelgned to intsreept the expected path at 
two levels. By extrapolating the tiae interral between the direct end 
reflected shocks to sero it wae expected that at least two points on ths 
path could be determined. 

2.2   OTBlTMIIr TKffiTWK 

Äs problem of the operation consisted of four phases: 

1. The determination of the integrated horisontal drift of the 
parachute home canistsrs in the wind structure in order W deteraiae 
corrected canistsr drop points for the aircraft; 

CUSSIF 
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2. The guidance of two B-29 aircraft oVer the drop points both 
in reference to position and time; 

3. The deployment of paraohute-horne canisters from the aircraft; 

Jf*     The recording of telemetered blast pressure DTOfiles from each 
eanister« 

2.2.1 SJaLit 

The two aircraft operated In close formation at 20,000 ft KSL at 
a true ground speed of 292 ft/sec on the final or upwind leg of their 
pattern. Four practice runs were made between H-40 mln and H-12 aln. 
night patterns were tracked on an XR-5*& radar plotting board and 
guidance data with reference to time and position were transnltted to 
the aircraft conaanders. 

The initial drop point was determined to be at a point displaced 
4000 ft west and 9000 ft south from ground sero. The selection of this 
point was based on two factors: 

1. The possibility of preaaturily triggering the fusing systea of 
the weapon. Thus, it was required that no canisters be inside a cylin- 
drical area in space baring a radius of 9000 ft around ground sero. 

2. The double Irlft data fron the aircraft and the wind data from 
the weather station. 

The 14 canisters were deployed with the aircraft flying upwind so 
that they would drift back to the deeired positions at 15#000 ft alti- 
tude it predicted shock arrival time, nie initial deployment was made 
at scheduled H-129 sec and final deployment was made at scheduled Btld 
sec. The canisters were deployed at scheduled tines although the air- 
craft arrived at the planned initial drop point 25 sec early. This fact 
plus the fact that the weapon detonated approximately 20 sec early re- 
sulted in the slant ranges being from 5000 to 10,000 ft greater than had 
been planned. The deployment times of canister» 6 and 7 were accident- 
ally interchanged. 

The recording of pressure and altimeter data fron the canisters 
was acoompllshed as outlined in paragraph 2.2. Satisfactoiy records 
were obtained from all canisters although the range of orerpressures 
oorered was Lower than Intended because of the greater slant range. 

2.2.2 Shot 9 

The two B-29 «Iroraft operated in close formation at 17*500 ft 
MSUat a true gro^xd speed of 296 ft/eec on the final or upwind leg of 
their pattern.    Otherwise the operation was similar to Shot 4 vith the 
following exceptions: 

1. The Initial drop point wae determined to be at a point 6000 ft 
south and 1000 ft west of gn>uad sero.    The horisontal radius of the 
restricted area for canisters for Shot 9 was 5000 ft as compared to 9000 

ÜNCLASSIFIE 



ft for Shot ^ 

2* The 20 canisters wars deployed so th&t 10 wars to be at 8100 
ft NSL a&d 10 at 10,800 ft HSL at predicted shock arrival tl is.    Initial 
canister dsployment was mads at H-l6l sec» and final deployment at H-43 
sec* 

3. The two aircraft arrived at the initial drop point within ± 1 
ssc of the intended initial drop time s^ that the deviations of the ac- 
tual canister positions shown in Tig, 3*2 from the intended positions 
shown in Fi^. 2.2 are presumably dne to errors in the allowance for 
wind drift or tn intervalemster ssttincs*    In connection with the for* 
mer it should he remarked that the wind correction was oomputed only for 
the initial drop a&d all other canisters were then dropped at preset 
time ictervals after the first»    This results in en over-correction for 
the later canisters which have a shorter time of fall.   The vsiy large 
deviation of canister üb. 10 was due chiefly to delayed release hecseose 
of malfunction!a« of the bomb release mechanism. 

2.3   »smimTAtioy 

Xaoh canistsr contained a pressure altimeter transducert two dif- 
ferential pressure transducers (one having a scale ratio of approximate- 
ly 2 with respect to the other) and a radio telemetry transmitter unit. 
The telemetry unit transmitted continuously overpressures and altitude 
data. The recording ground station was instromsnted with a separate TN 
receiver for each n*rachute-borne canister and the differential pressure 
and altituds data rsceived were recorded on Consolidated Incineerinc 
Compaaqr recording oscillofraphs. 

To position the parachute-borne canisters at a uniform altitude, a 
dual-parachute system was necessary as the canisters were deployed at 
different times. As each canistsr was deployed from the aircraft a 6 ft 
fist ribbon parachute was immediately opened ty the attached static line. 
Canister ballietic data and the particular array position determined the 
tine of canistsr fall with the 6 ft parachute. At a predetermined time» 
different for each canistsr» an interval timer fired a squib which 
tripped a cutter mechanism which in turn detached the 6 ft ribbon para- 
chute and released a 2P ft square sami-ribbon parachute. The rate of 
deeceat of the canisters with the 6 ft parachute is approximately 200 
ft/sec as opposed to a fall rate of 30 ft/sec for ihr» 28 ft parachute. 

Reference is m&de to JiVOUE P.eport VT-367» Project 1.3c» for a de- 
tailed description of the basic deal en of the telemetry syatem and can- 
ister Instrumentation. The equipment was unchanged except the NOR wav 
eliminated dam to reliability of shock arrival time for determining 
position of the canisters. 

A SCt-58fc radar station was used to guide the two 1-29 aircraft to 
an initial drop point In reference to time and space. 

15 liiMri 



CHAPTSB 3 

RSSUKPS 

3.1 ggHEEAL 

Can!tier altltales at the time of arrival of the first aback have 
heen determined from the telemetered ambient pressure records reduced to 
true altitude in accordance with the meteorological data obtained hy the 
weather station at the Nevada Proving Grounds for the time of each shot« 
Slant ranges have been computed from the travel times and peak overpres- 
sure of the first shook by the method described In reports on previous 
tests, (2) * (3) The canister positions attained are plotted in Figs, 
3.1 and 3#2 for Shots 4 and 9 respectively» 

3.2 QKBaa pm. aa it 
The overpressure vs. time curves as scaled from the original rec- 

ords and calibration curves are plotted In Tig. 3*3« 1A the case of 
canister Ho, 6 there was an initial pressure differential between the 
reference chamber and the ambient atmosphere due to the fact that this 
canister was still In rapid deecent on the small drag chute at the time 
of shook arrival* A similar initial differential also existed in can- 
ister No. 7. due apparently to a restriction in the reference chamber 
vent line since this canister was In normal descent on the large chute. 
In both oases the sum of the Initial differential and the peak shock 
overpressure was within the calibrated ranges of the differential pres- 
sure gages so that peak overpressures could still bs measured. 

Bssentlally ideal shock wave forms were obtained at all canister 
positions and all showed distinct reflected shocks. The observed arri- 
val tines and peak overpressures of both direct and reflected shocks are 
tabulated In Table 3*1 • ?or  the reflected shock the peak overpressure 
given Is with reference to the pressure existing Immediately prior to 
the arrival of this shock. The duration of the positive overpressure 
phase of the free-air ehock Is also given in Table 3.1 for all canisters 
at which the overpressure passed through sero before the arrival of the 
reflected shock. In canisters Kos. 1 through 5 and Vos, 8 and 13 the 
switch that arms the reference chamber sealing valve did not operate un- 
til after the arrival of the direct ehock. Therefore» in these cases 

mm 16 



i- 

1 

b 
i 

s . 

it 

si 

UJ b. 

o 
(0 

o 
10 

u. 

Z   w 
<     * 

o 

2o i- z O 
i                  o — 

\ ^
P

A
T

H
   

O
F

 
T

R
IP

L
E

  
 P

C
 

> 

JKON 

rAt 

«^ '«—*   rr\ 

UJ 
O 
< 
ÜL 
(C 
3 3

0
 

>L
  
 R

A
N

G
E

 
s
it
io

n
s
, 

S
h

o
t 

< 

(oO 

mO 

2 
< 
U 
2 

■ 

[ 
J 
5 

o 
  

  
  

  
  
 e

o 
  
  
  
  
  
 a

 
H

O
R

IZ
O

N
T

i 
F

ie
. 

3
.1

  
 C

a
n

is
te

r 
Po

 

20
 

H
O

R
IZ

O
N
™
 

2 
   

C
a
n

is
te

r 
Po

 

toO 

0>O 

10 

01 

0!2 
ü 

<*> 
• 

O 
(NjO 

-0 

os;    i 
o=    s 

i 
N 
CD 

— 

N 1                           «, •o       c 
c 

L 
c 
3 
0 

o 
5                   o 
4   (id«) aaniinv 0                      < D 

(idx) aanxinv 

17 ir'T^S) 



13 

• 

CANISTER Hol 

I« 19 CO 
TIME IN SECONDS 

23 24 

w ♦ 9 
t ♦■« 
3 ♦> 5 * i 

sr = ♦i 9> r o 
- •• -» 

♦ ,6, 
♦.41 
♦3 
♦.I 

C~ t.r 
o 

m  -.1 

tl 

CANISTER Hot 

tO tl tt U t4 

TIME IN SECONDS 

U M tT 

5 «8 
♦.4 
♦■» 
♦t 

11 *;? 

i I :| 
ft.  s ♦.! 

CANISTER NO. S 

t5 ti ft fi ti tl        H      ~tf       ti        u 
TIME IN SECONDS 

M tT M K9 

TIME IN SECONDS 

»o 

ÜNCLASS1F§ 
3.3 Ortrprtiinrt ▼•• TIM« Shot k 

18 

• • 



So,?- 

ft. 5 ♦'• 

S-r 

CANISTER NO. 5 

ti »i tS tt U IS U JH 
TIME IN SECONDS 

1 ♦•*■ 
I ♦»• 3 ♦.!. 

s i 't 
« -.tL 

UJ 

3 ♦.! 

5:5 

I—»ouii rmc 

CANISTER NO. € 

87 M 5t tO «I «t 

TIME IN SECONDS 

•S «4 

|8:i 

Ö 

?:i 

CANISTER NO 7 

M ST M It 40 41 

TIME IN SECONDS 

J 
z s -:i 

r:. 
CANISTER Not 

*—a—is—r _ä      fir"    S- 

TIME IN SECONDS 

-ft—«5—^i—ö—n—ir 

»!€• 3.3 OTti^r«Miir# TI. TIB», Shot ^f (oont) 

19 

IkLhSiiiiC' * 



to fti tt        ti 

TIME IN SECONDS 

t4 ti «7 

to       ti        tt       ts       t4       te 

TIME IN SECONDS 

IT t* 

ts        |4        tt        t«        tr 

TIME IN SECONDS 

M n 

*4 

iV* 

«t 

2:; 

CANISTER NO It 

tr        to        t«        >o        n it 

TIME IN SECONDS 

»I 

yif» 30 OT«rpr«itiir« ru. Tl^t Shot k (oont) 

Y UNCLASSIFIED 20 



Q 
uj  +.5 

o  4 2 
+ I 

0 
- I 

(0 
QL cn 

CL 

UJ ♦• "2 

3   UJ   +.5 
CO   O   +4 
CO 
UJ 
Q: 
QL 

i 

!• 

<   > 3 
O   +.2 
5 * i 

*•  -.2 

CANISTER NO. 13 

35 36 37 38 39 40 

TIME IN SECONDS 

41 42 

ÜJ ♦ 5 
O 

< 
♦.4 
♦ 3 

O ^.2 

i CO 4.1 
0 

-   1 
UJ -fl -2 
er 
3 UJ >5 
CO o >4 
CO 
UJ < ♦ 3 
cc o ♦ 2 
QL ♦ 1 

£ 0 
K -.1 
♦ l -.2 

CANISTER NO. 14 

59 56 57 58 59 60 

TIME IN SECONDS 

62 

?lf. 3.3 0wpr«iwir« rt. Tloe, Shot 4 (coat) 

21 

is     sVinJ 



th« refereace chamber was still Tented to the atmosphere through the 
delay line and the reference pressure was slowly increasing during the 
positive overpressure phase. The actual positive phase duration most 
then have heen slightly greater than that indicated by the differential 
pressure gages. In canisters Uos* 9 through 12 the reference chamber 
was sealed and there should be no systematic error in the overpressure 
vi, time curves. 

3.3   9BSSR7S) xmAt spoq 9 

The overpressure vs. time curves for Shot 9 are reproduced in ?lg. 
JA»   Canister No. 10 was In rapid descent on the small drag chute at 
shock arrival time» resulting in an Initial pressure differential on the 
blast gages. However9 the sum of the initial differential and the shook 
overpressure did not exceed the gage range so that a reliable overpres- 
sure measurement was obtained. Positional» time, and overpressure data 
for the canisters that fell in the free-air (regular reflection) region 
are given in Table 3.2  and for canisters In the Mach region in Table 
3 •3» All reference chambers were sealed at shock arrival time except for 
those in canisters Nos. 10» 11» 19 and 20. That in canister No. 11 
sealed at 0.73 sec after the arrival of the first shock» while those in 
Hos. 10» 19 and 20 did not seal. The apparent positive phase durations 
for these canisters are therefore less than the actual durations, 

for  the canisters in the Mach region the method used to obtain 
slant range from the observed travel time and peak overpressure of the 
direct shock is not strictly applicable» since the superposition of the 
reflected and direct shocks to form the Mach stem results in an Increase 
in peak overpressure and propagation velocity. This increase applies» 
however» only to that part of the propagation path that lies below the 
triple point» whereas the use of the average shock velocity correspond- 
ing to the full observed peak overpressure would amount to assuming that 
the increment in velocity applied to the whole path. Actually it would 
make only a small difference in the present case» since the peak over- 
pressures at all the canisters in the Mach region were low and the cor- 
responding average shock velocities are only a few per cent greater than 
sound velocity on any assumption. As a rough correction the average 
shock velocity corresponding to 65 per cent of the observed peak over- 
pressure has been used in computing the slant ranges given in Table 3•3» 

In addition to the main direct and ground reflected shocks the 
records from all canisters show at least one and usually two very mach 
smaller shocks. In contrast to similar weak secondary shocks that have 
been observed occasionally on previous tests» these are quite clearly 
correlatable across the entire canister array. It will be shown later 
that the arrival timee of these shocks are consistent with the assump- 
tion that they originated from a weak second pulse emitted about 1 sec 
after the main explosion. The first of these shocks (arrival time 73) 
is the wave along the direct path and the second (arrival tine T^) is 
the ground reflected wave. To facilitate the identification of the lat- 
ter» the length of the acoustic path (Ei) from shot to ground to canis- 
ter is given in Table 3A together with the arrival tines end approxi- 
mate peak overpressures♦ 
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TABLE 3.3   Shot 9, Observed Data, Canisters in Mach Region 

Canister 
No. z Tm R 

APm 
T+ Hi.Ra. Lo.Ra. Ms an 

7 £f550 29,98 34,570 0.2( 0.25 0.255 i.a 
10 11,925 47.39 52,510 0.13 0.09 0.11 

15 6,325 23.15 27,770 0.37 0.37 0,37 1.52 

18 7,875 29,7£ 34,250 0.24 0.23 0.235 1.75 

19 8,400 31.83 3^,410 0.22 0.22 0.22 1.(7* 

20 8,350 33.93 38,750 0.20 0.21 0.205 1.57+ 

Notation: 

Tm = Arrivftl tine of Mach shock after shot time (sec) 

uPm r ^«Jt overpressure in Mach shock (psi) 

Othtr symbols as in Table 3.1 

2> mmm 



i Ji i ; t 1 1   i i i 
9 9 7% 9 10 II 

TIME  IN  SECONDS 
It IS 14 IS 

It IS 14 tt 
TIME   IN   SEt'lNOS 

I« 19 10 

"_tl 

IS 14 19 I« 
TIME    IN   SECONDS 

17 It it 10 

k 
^ j.—)T —r—fl_ 

TtHi    )«•   UC04I0« 

\ ym^ 
f. 3> ar«rpr*itiir« Tt. Tiw$ Shot 9 

26 



It        » 
TIKI INSECOMOS TIMC   IN   SCCONOt 

TIMC    IN   SICONOt 
■e ii 

TIMC   IN   SECONDS 

TIME    IN   SECONDS 
• tO H It 

TIME  IN SCCOMD5 

TiMC   IN   SICONOS 

?l«. 3.^ OTtrpr«t»ur« ▼•• fiwm. Shot 9 (oonU 

27 

mma 



TT 

TIMC IN StCONO» 

ft 90 Si M 

TIMC IN SECONDS 

TtMC IN SCCONO» 

si at u        >4 

V.Mt IN SECONDS 

IN   SICONOt »I M SS M It M 

TIMC IN SCCONOS 

IT 

r        «t        t»        >« 

TlHt IN UCOttO« Ü *• )f u 

TlMf  m SICONOS 

UNCLASSro • 3»^ OT*rpr#i»ur« 

26 

Tia«, Shot 9 (coat) 



TABUE 3> - Shot 9» Observed Data, Secondary Shock 

MDtatloni 

To » IrrlTal time of eocosdary shock by direct path (sec) 

APo = Peak orerpressure in direct secondary shock measured from 
pressure existing innediately prior to shock arrival (psi) 

Tj. s IrriTal time of reflected secondary (sec) 

B^ • Slant Hange froa ima& of source (ft) 

APj* ■ Peak OTerpressure in reflected secondary shock 

Canister 
Bo. *3 AP3 *4 Bi U4 

1 9.23 (T) 12,250 
2 10.97 0.0? 14.55 13.830 0.04 

3 13.39 0,06 15t6i0 

4 17.79 0.04 19.630 

5 22.57 0.02 24,050 

6 27.61 0.02 ze^sT"^ ̂ 29,200 0.02 

i     7 33.91 0.04 34.34 35.050 

1     8 31.76 0.03 32.69 33.720 0.03 

9 37.« 0.02 37.75 38,920 0.02 

10 51.12 0.02 51.53 (?) 53.370 

11 1    8.U1 0.12 11.76 10.730 

12 10.28 0.10 12,210 

13 13.96 0.06 15.02 15.370 0.02 

14 19.07 0.05 20.37 20,180 0.02 

l   15 27.« 0.06 27.94 28,320 0.02 

'   1« 29.05 0.04 29.79 30,720 0.02 

17 31.60 0.04 32.22 32,9*) 0.02 

1   18 
33.65 0.04 34.20 34,920 0.02 

19 35.77 0.03 36.27 37,110 0.02 

1    20 37.M 0502 30.33 39.400 0,02 
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CHiPTER k 

DISCÜSSIOH 

Prior to the present tests, shook overpressure measurement at high 
altitudes hy the same system had heen ohtalned at the surface shot of 
JA1GIS, Shots 5 and 8 of SHAPPER* and Shots Kike and Kin« of ITT. The 
JABtHS and 171 Mike shots were surface hursts» the SSAPEER shots were 
fired on 300 ft towers, and the IVY Kin« shot was hurst at an ai. Itude 
of 1500 ft, hut because of the very large yield of this shot, this too 
was effectively a low height of hurst. Except for three canisters at 
King shot, all the airborn^BM'M^ measurements were obtained in the 
Mach region at In im A&0    I  the triple points Although It is 
considered that the results of these earlier tests validate the PuohsW 
scaling law as a practical method of computing the effects of the dif- 
ference in ambient atmospheric conditions between shot and gage» the re« 
auction of the observed peak overpressures to true free-air values nec- 
essarily involved a rather arbitrary choice of the ground reflection 
factor to be applied to the actual yield* Ve therefore use the present 
free-air data to derive a new free-air peak overpressure curve normal- 
ised to 1 K? in a homogeneous sea-level atmosphere, without reference to 
the earlier test results* This curve will then be used to determine 
the apparent reflection factors for the previous shots« 

4*2 apycTiw TO ; HI g A PQwawcrc? mrmmi ATHQSTPBI 

The Sachs(5) scaling law for altitude of burst and the Tuchs scal- 
ing law for the effect of the difference in altitude between burst and 
gage may be expressed in the form 

AP = k3^ f(kXVS) (4*1) 

where 

AP =    peak overpressure 

range 
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k = [P0{h)/P0(o)]V3 

X = exp /Z[{T(h)A(z)}3A   {Po(h)/PoU)}V2 -l] dz/Cz-h) 

H - x{T(h)/T(z)}^    {P0(z)/Po(h)}V2 

P0 : ambient atmospheric pressure 

T r ambient atmospheric temperature (absolute) 

z r altitude of gage at which AP is measured 

h s altitude of burst 

W = bomb yield (KT) 

S = wV3 

The slant range scaled to 1 KT in a homogeneous atmosphere at sea-level 
ambient pressure (taken as LU70 psi) is then 

r r kWS (^2) 

and the scaled peak overpressure is 

f (r) r AP/k^ji U.3) 

Ths function f(r) will be referred to as the normalized free-air peak 
overpressure function. 

According to the asymptotic blast theory on which the Puchs scaling 
law is based 9 the duration of the positive overpressure phase is not 
affected by the variation of atmospheric properties along the propaga- 
tion path.    Normalization of the positive phase duration to 1 KT at sea- 
level therefore involves only the Sachs time scale factor and is given 
by 

T= T+kc(h)/Sc(o) U.A) 

where c is the velocity of sound.    The sea-level value, c(o)9 is taken 
to be 1116 ft/sec corresponding to a temperature of IS^. 

The Fuchs scale factors X and H have been computed by numerical 
integration of the meteorological data for the time of each shot.    For 
Shot 4 the altitude of burst was 10,213 ft above sea level (6022 ft 
above ground zero) and for Shot 9, 5502 ft above sea level (2^23 ft 
above ground zero).    The yields used in scaling to 1 KT are 10.5 KT for 
Shot ^ and 26.5 KT for Shot 9.* 

•   After all data reduction and figure drafting for the present report 
had been completed the figures 11.0 KT and 26 KT respectively were 
adopted for use in the    preparation of final project reports (AFSWP 
UFSHOT-KNarHOLE Sumnary data Chart, 22 Sep 1953)»   Since the difference 
is well within the uncertainty of the data and would be entirely 
negligible for practical purposws, no change has been made, 
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The various scale factors and the scaled ranges, peak overpressuresf 
and positive phase durations for the free-air shock are tabulated for 
Shot 4 in Table 4.1 and for Shot 9 in Table 4.2. Scaled peak overpres- 
sure is plotted against scaled slant range in figs. 4.1 and 4«2. The 
curves drawn in these figures do not represent npredictedH values, but 
are simply "eye fits" to the plotted points, giving greatest weight to 
those points that appear to define a reasonably smooth curve and ignor- 
ing the more erratic points such as canisters Nos. 3, 4» and 14 of Shot 
4 and canister No. 3 of Shot 9. 

The scaled ranges and peak overpressures in the Mach stem of Shot 9 
are tabulated in Table 4.3 and plotted in Fig. 4.3. Since the scaled 
peak overpressure in the Mach stem in the region just below the triple 
point is probably not a function of the scaled slant range only, the 
significance of drawing a single curve through these points, as shown 
in Fig. 4*3» is somewhat questionable. The interpretation of these 
measurements in the Mach region will be discussed in more detail in sec- 
tion 4*6. 

In Fig. 4*4 the smoothed curves of Figs. 4.1 and 4.2 are reproduced 
together with the lower portion of the Mswal Ordnance Laboratory TUM- 
BLER composite curve.^ The latter curve, obtained ftom photographic 
shock velocity measurements, is considered to be the most precise deter- 
mination of the normalized free-air peak overpressure function for 
nuclear detonations now available for scaled overpressures greater than 
about 7 psi. It is unfortunate that restrictions on allowed canister 
positions did not permit the pretsent measurements to extend up to the 
lower limit of the NOL curve. However, inspection of Fig. 4.4 will 
indicate that if we require a smooth interpolating curve that will Join 
the NOL curve without abrupt change in slope and will parallel the 
slopes of the Shot 4 and Shot 9 curves, there is little latitude for 
deviation from the curve indicated by the dasher», line in the figure. 
In drawing this curve slightly more weight has been given to the data 
from Shot 9 than to that from Shot 4 because of the greater internal 
consistency of the former. 

For the convenience of those who may wish to use the present data 
in future applications, a tabulation of the function f(r), defined by 
the interpolated curve in Fig. 4.4 for values less than 7 psi and by 
the NOL curve for higher overpressures, is presented in Table A.4* The 
table has been prepared by smoothed numerical interpolation between 
values read at convenient intervals from the plotted curves. Although 
the tabulation is carried to three figures in the interest of repro- 
ducibility of computations, the basic data do not, of course, define 
this function with anything approaching this degree of accuracy. 

4.3. gggMisoM ma msum TEST Bfiams 
Using the present normalized free-air peak overpressure curve, we 

may define an apparent yield scale factor, Sa, for each peak overpres- 
sure measurement obtained in the previous tests by reading the scaled 
range, r, corresponding to the observed scaled overpressure, A P/k^, 
and computing 

Sa = kXR/r (4.5) 

UNCLASSIFIED 
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TABLE 4..1   Shot 4, Free-Air Data Reduced to 1 KT in a Homogeneous 
Sea-Level Atmosphere 

Canister 
No. 

Fuchs Scale 
Factors 

Scaled 
Range (ft) 
r r ^XB/S 

Scaled Beak 
Overpres.(psi) 
f (r) = AP/k^ji 

Scaled Positive 
Phase Dur. (sec) 

Ts T+kc(h)/c(o)S \ JA 

1 1.189 1.061 7,640 0.375 0.33+          ! 

2 1.163 1.055 10,050 0.279 0.36f 

3 1.186 1.061 10,960 0.326 0.35* 

U 1.168 1.057 12,570 0.258 0.34+ 

5 1.175 1.058 14,380 0.167 0.39* 

i 1.238 1.075 29,970 0.075 

7 1.24) 1.075 18,980 0.110 

8 1.184 1.060 7,200 0.424 0.35+ 

9 1.192 1.062 9,520 0.326 0.40 

10 1.183 1.060 10,550 0.243 0.39 

11 1.170 1.057 11,580 0.209 0.48 

12 1.171 1.057 13,790 0.174 0.41 

13 1.155 1.052 17f700 0.147 0.34+ 

U 1.268 1.083 29,790 0.102 

h = 10,213 ft 
k3 - 0.679 

W . 10.5 KT 

P0(h) = 9.98 psi 
k s 0.879 
S , 2.19 

33 



TABLE 4#2   Shot 9, Free-Air Data Reduced to 1 KT in a Homogeneous 
Sea-Level Atmosphere 

Canister 
No. 

Fuchs Scale 
Factors 

Scaled 
Range (ft) 
r - kWS 

Scaled Peak 
Overpres. (psi) 
f (r) = APA3^ 

Scaled Poeitivel 
Phase Dur. (sec) 

Tz T+kc(h)/c(o)S X ^ 

1 1,178 1.062 3,150    v 1.15 0.33 

2 1.177 1.062 3,960 0.84 0.35 

3 1.163 1.057 4*790 0.58 0.38 

4 1.163 1.057 6,480 o.ao 0.40 

5 1.169 1.058 8,280 0.284 

i 1.161 1.056 10,240 0.222 

8 1.U3 1.051 11,800 0.235 

i      9 1.143 1.052 13,780 0.1£0 

U 1.101 1.036 2,600 1.49 0.27f 

i     12 1.099 1.035 3,370 1.06 0.33 

13 1.089 1.031 4,670 0.70 0.37 

U 1.094 1.033 6,500 0.419 

i    1£ 1.078 1.027 10,190 0.234 

17 1.077 1.027 10,950 0.222 

k3 
h = 5500 ft 

0.832 
W , 2£.5 KT 
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TABLE 4.3 Shot 9, Mach Data Reduced to 1 KT in a Homogeneous 
Sea-Level Atmosphere 

Canister 
No. 

Puchs Scale 
Factors 

Scaled 
Range (ft) 
r s k>wR/S 

Scaled Peak 
Overpres.  (psi) 
f(r) r AP/k3^ 

Scaled Positive 
Phase Dur.  (sec) 

Tr T+kc(h)/c(o)S \ ^ 

7 

10 

15 

1     i8 

19 

20 

1.032 

1.204 

1.025 

1.071 

1.088 

1.087 

1.011 

1.072 

1.009 

1.025 

1.031 

1.030 

11,270 

19,980 

8,990 

11,580 

12,510 

13,300 

0.303 

0.123 

0.441 

0.275 

0.25i 

0.239 

0.50 

0.47 

0.55 

0.52+ 

0.49^ 

Since the individual values of Sa for a given shot showed no systematic 
trend that could be distinguished above the random scatter of the data, 
only the mean values, Sa, for each shot are listed in Table 4.4. For 
King Shot only the measurements in the Mach region have been used. For 
our present purpose the apparent blast yield, Wa, is defined as the 
cube of the mean apparent scale factor. The apparent yield reflection 
factor is then the ratio of Wa to the actual yield, W. The values of 
W given in Table 4.4 are the most recent estimates known to the writers, 
but their accuracy cannot be stated with assurance. 

It is commonly assumed that for a surface burst the reflection 
factor in the sense used here would have the value 2 for an ideal re- 
flecting surface and would be slightly less than 2 for real surfaces. 
In the case of a burst at a finite height above the surface there is no 
a priori reason for expecting the apparent reflection factor for points 
In the Wach stem to be equal to or less than 2, but it is at least 
plausible to suppose that in the ideal case the peak overpressure at 
points far outside the path of the triple point would approach the same 
value as that due to a surface burst. It is therefore somewhat surpris- 
ing to find that with reference to the present free-air peak overpres- 
sure curve the mean apparent reflection factors for all the earlier 
shots turn out to be greater than the "ideal" value 2. In the case of 
Mike Shot there are reasons for believing that the high apparent re- 
flection factor is due to inaccuracy in the Fuchs altitude correction 
for very large yield weapons, but this does not explain the results for 
the small yield shots. Although there is a considerable difference be- 
tween individual shots, it is believed that the general average is 
reliable enough to indicate that there is some real effect, occurring 
with low scaled heights of burst (say less than 200 ft for 1 KT), that 
gives an increase in the apparent blast yield that is slightly greater 
than one would expect from elementary considerations. 
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A similar phenomenon has been noted by the authors of the final 
report on Rrojects 1.3 and 1.5 of TUMBLER in comparing the TUMBLER 
free-air peak overpressure data with that obtained by the same shock 
velocity method from Shot Easy of GREENHOUSE. (7) The GREENHOUSE Easy 
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Fig. U3   Shot 9, Peak Overpreasure vs Slant Range in the Hach Region, 
Reduced to 1 KT in a Honogeneoua Sea-Level itoosphere 

ÖNDUSSIFIED. 38 



eo 

10 

\ 

\ 

N.O.L.   TUMBLER Composite 

1 
\ \ 

6 \ 
\ 

M 

\ 
Estim oted + 

\ 
\ 

1 ■' ivi ^ j\jt U 1 IUI I 

S
U

R
E
  
 (

P
S

I)
 

\ 

\ 
\ 

v 
CO  i.w 

\ N s IE 
OL \ 
?". 0 fi 1 J-K No 9  - ^ |4j   W.V 

> \ 
O 
* 0.4 
< 
Id 

T i s "■^ 

4. w        ^   Ü-K No 4 

y <a2 
0 
CA 

0.1 

^ 

\ 

\ 
W 
\ 

% 

0X)6 \ 
  \ 

O AA > W.V^ 
0 e I i 1 ( s 10             Z 0 4 0 

SCALED SLANT RANGE    (KFT) 

7iC* ^-^ VormUsed CoBposite Free-Air Peak Overpressure re. 
Slant Bax^* 

39 

i Mm 



free-air peak overpressures are definitely higher in the 1^0 to 35 psi 
range than those which would be scaled fron the TUKBLüIR curve. Since 
this increment in apparent blast yield for low scaled heights of burst 
is shown by the free-air shock, it must be caused by something that 
occurs at a very early stage in the formation of the primary shock, 
since otherwise the effect could not overtake the free-air shock front 
in time to begin affecting the peak overpressure at about the 140 psi 
level. If the high apparent reflection factors in the far Mach region 
obtained from the JANGLER-SMIPPER-IVY airborne gage measurements are 
due to the same cause that produced the high free-air peak overpressures 
at GREENHOUSE Easy, the explanation cannot be entirely a matter of the 
aerodynamics of shock reflection, but must also involve interaction 
between thermal radiation and blast energies in the intensely heated 
region at and above the surface in the neighborhood of ground zero. 
The significance of these high apparent reflection factors should not, 
however, be over-emphasised since, because of the cube root scaling lav, 
they are very sensitive to any small systematic errors that may be pre- 
sent in the pressure measurements« 

UJ> fMH g THE IRIfLfi fOIHT 

The time interval, T2 - T^i between the direct and reflected shocks 
of Shot U is plotted against slant range in Fig. 4.3. The smoothed 
curve drawn in the figure may be interpreted as an approximation to what 
this interval would have been if the actual canister positions had bean 
distributed along a correspondingly smoothed locus in space. The 
extrapolation of this curve to zero time interval at a slant range of 
62,000 ft gives a single point on the path of the triple point at an 
altitude of about 18,000 ft above sea-level. Since only this one point 
is determined by the data, the slope of the triple point path shown in 
Pig. 3.1 is merely schematic. Pressure measurements on the surface and 
at 10 ft above the surface by Project Lib*8) gave no indication of the 
formation of a Mach stem out to a ground range of 13,250 ft. 

For weak shocks, at angles of incidence slightly less than the 
extreme angle for regular reflections, the angle of reflection is at 
least equal to and in general greater than the angle of incidence. The 
actual distance from ground zero of the point of reflection of the 
reflected wave reaching the most distant canister, No. 6, cannot, there- 
fore, be greater than that of a wave following the acoustic path (angles 
of incidence and reflection equal). On this basis the points of 
reflection for all canisters must have fallen within an arc of less 
than 13,000 ft radius about ground zero. Within this radius and over 
the sector subtended by the canister azimuths from ground zero (240° to 
232° approximately), the topographic elevation varies from 4191 ft at 
ground zero down to about 4110 ft at the lowest estimated point of 
reflection and up to about 4193 ft at the limiting radius and azimuth. 
At no point within the possible area of ref1action is the slope of the 
ground greater than 1° and over most of the area it is much flatter. 
Therefore topographic irregularity could have had little effect on the 
configuration of the reflected wave and the fonaation of the Mach stem 
in the direction and over the range of distances covered by the present 
observations. The mean elevation of the surface over the possible area 
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of reflection is about 4125 ft, giving an effective height of burst of 
6088 ftf which is equivalent to 24^0 ft for 1 KT at sea level. 

The time interval between direct and reflected shocks for Shot 9 is 
plotted against slant range in Fig. 4.6. Since the canisters in the 
region of regular reflection were distributed suround two different 
levels, extrapolation of the curves to zero time interval gives two 
points on the path of the triple point. These points, together with the 
conditions that the path must lie above all canisters that showed a 
single peaked shock, fix the position of the triple point within about 
1 500 ft in horizontal distance over altitudes between 6500 ft and 
10,500 ft. The inferred path is shown in Figs. 3.2 and 4.7. 

Using the free-air peak overpessure function tabulated in Table A.l 
and the theory of regular reflectionv?) the extreme angle of incidence 
for regular reflection for Shot 9 is found to be 48.5° and the distance 
from ground zero to the limit of regular reflection is approximately 
2740 ft. A circle of this radius about ground zero falls entirely with- 
in the flat floor of Frenchman Lake, so that in this case the effective 
reflecting surface deviates by only a matter of inches from a true 
horizontal plane. Using the above value of the extreme angle for 
regular reflection.Ae, and an empirical curve based on small charge 
experiments'10'» ^f  from which the path of the triple point nay be 
determined for a given \e, the path shown in Fig. 4*7 has been computed. 
Whether the indicated slower rate of rise of the triple point in the 
present test, as compared to that computed from the high-explosive 
tests, is an effect of the variation of atmospheric properties with 
altitude or is due to non-scaling surface reflectivity effects cannot 
be determined at present. 

4.5 FflSITIYE mSfi PÜRATI9H 
The duration of the positive overpressure phase is plotted against 

slant range (both scaled to 1 KT in a homogeneous sea-level atmosphere) 
in Fig. 4.8. Points for which the measured positive phase durations 
are expected to be too small due to failure of the reference chambers 
to seal are indicated by upward pointing arrows in the figure. It will 
be noted that most of these values are in fact low with respect to the 
more reliable data. 

4.6 STRfilfiTH OF THK fffifLKTSP MB mSä SHOCKS 
The ratio of peak overpressure increment, ä?2,  in the reflected 

shock to that in the direct free-air shock, &?i,  is listed in Table 4.3, 
along with the inverse ratio of the travel times, T]/r2- The choice of 
T1A2 as * comparison variable is based on simple acoustic considera- 
tions. For an acoustic signal in a homogeneous medium, originating 
from a point source above a perfectly reflecting plane, the reflected 
wave has the same amplitude as the direct wave from a source of the same 
strength situated at the image point below the reflecting plane. Since 
the acoustic signal amplitude is inversely proportional to the distance, 
and the distances from the source and its image are proportional to the 
respective travel times, we haveuP^^l = Tl/T2- Although in the 
present case we are dealing with shocks that are comparatively weak at 
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the point of measurement, they are not weak enough to be treated acous- 
tically at the point of reflection. Appreciable departures from the 
simple acoustic ratio of peak overpressures are therefore to be expected. 
However, the plot of AP2/AP1, against Tx/^ shown in Fig. ^,9 shows that 
these ratios are roughly equal for T1/T2 less than about 0,93 in the 
case of Shot U and less than about 0.82 for Shot 9. In each case there 
appears to be a marked decrease in the relative peak overpressure of the 
reflected shock as the triple point is approached. In the absence of a 
complete theory of Mach reflection we cannot generalize from these 
observations, but it is interesting to note that in Bargmam^s (12), (13) 
approximate theory of Mach reflection of weak shocks at nearly glancing 
angles of incidence the reflected wave does not appear in the first 
approximation as a shock, but as a discontinuity in pressure gradient. 
In the second approximation there is a finite reflected shock, but the 
pressure increments in this shock still approach zero at the triple 
point. Indications of a maximum in the strength of the reflected shock 
at some point just above the triple point have also been noted in shock 
tube experiments (13), 

For values of T^/Tp equal to or greater than 0.98, the mean value of 
AP^APJL is 0.46, and if this ratio is applicable right up to the triple 
point, the peak overpressure at the top of the Mach shock should be 
about 46 per cent greater than the free-air peak overpressure at the 
same slant range. If we make the assumption that far below the triple 
point the Mach overpressures are equal to the free-air overpressures 
from a bomb of twice the yield, the ratio of Mach to free-air peak over- 
pressure at the same slant range should approach the value 2 1/3 = 1.26> 
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TABUS ^«5   Ratio of Peak Overpressures in Direct and Reflected 
Shocks 

Shot No, 4 Shot No. 9 
Canister 

No. 
APyA?! Ti/r2 Canister 

No. 
APyAPx Tj/T2 

1 0.67 0.69 1 0.69 0.64 

2 0.95 0.82 2 0.86 0.74 

3 0.83 0.83 3 0.85 0.81 

4 0.90 0.88 A 0.54 0.90 

5 1.00 0.91 5 0.58 0.95 

6 0.60 1.00 6 0.44 0.98 

7 0.88 0.94 8 0.44 0.99 

8 o.es 0.67 9 0.50 1.00 

9 0.7A 0.78 11 0.70 0.66 

10 0.83 0.82 12 0.65 0.76 

H 0.87 0.86 13 0.57 0.87 

12 0.92 0.90 U 0.49 0.95       | 

13 0.60 0.95 16 0.40 0.99 

U 0.43 0.99 17 0.42 1.00 

since at the low overpressures with which we are concerned the free-air 
peak overpressure diminishes nearly as R~l.    Values of APn/APi for the 
canisters in the Mach region of Shot 9 are given in Table 4.6 where APl 
is defined as the free-air peak overpressure at the sane slant range as 
read from the free-air curves for this shot.    It will be noted that the 
ratios for canisters 7, 18, 19 and 20 are very close to thö value of 
1.46 indicated by the reflected pressures observed above the triple 
point, while the ratio for canister No. 10, which is the farthest frooi 
the triple point, is not far from the '»ideal" limiting value of 1.26. 

4.7   THE SECONDARY SHOCK OF SHOT 9 

Mantion has been made previously of the very weak shocks that ap- 
pear on the records of Shot 9 in addition to the main direct and reflected 
shocks.      These shocks are small enough so that their propagation 
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velocity differs insignificantly from the local sound velocity.   There- 
fore , assuming that they originate from a weak secondary pulse emitted 
from the sane source as the primary shock, the arrival time of the first 
should be very nearly a linear function of slant range.    If the second 
weak shock is the ground reflection of the first, its arrival time 

TABLE 4.6   Ratio of Beak Overpressures in the Mach and free-Air 
Shocks at the Same Slant Range, Shot 9 

Canister No« VPi           1 

7 1.4ß 

10 1.17 

15 1.63 

18 1.41                   \ 

19 1.42                    j 

20 1.A3 

should be nearly a linear function of the slant range from the image of 
the source.   Small departures from a linear relationship are to be 
expected due to the variation of sound and wind velocity with altitude 
and the fact that the secondary shocks are superimposed on the direct 
and reflected primary waves.    The differences between the observed 
arrival tii»s and the linear function 0.97 + R/1050 are given in Table 
4*7.    For the reflected secondary (arrival tin» T^) the same linear 
function is used with the distance from the image source, Hi9 in place 
of R.    From the sm&llness of these residuals there can be little doubt 
that the above assumptions are essentially correct.   The mean apparent 
sound velocity between the nearest and farthest canisters, as computed 
from the ambient temperature and wind data, is 1068 ft/sec.    Since the 
difference between this and the 1050 ft/sec that fits the weak shock 
arrival times is less than the expected 2 per cent accuracy of the 
slant ranges as determined from the main shock travel times, this may 
be taken as confirmation of the latter. 

Since the secondary shock must have traveled at appreciably higher 
than ambient sound velocity in its early stages, the intercept time of 
0.97 sec must be somewhat less than the actual time of origin of this 
shock. 
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TABUE 4.7 Tin» Residuals of Secondary Shock, Shot 9 

Canister 
No. 

T3 - (0.97+1^1050) T^ - (.097+Ri/1050) 

1 +0.19 (?) 

2 -o.u +0.41 

3 +0.01 

U +0.01 

5 +0.2^ 

6 +0.05 +0.02 

7 +0.02 -0.01 

8 -0,34 -0.39 

9 -0.15 -0.29 

10 +0.09 -0.27 (?) 

11 +0.09 +0.57 

12 +0.07 

i3 +0.07 +0.21 

U +0.19 +0.18 

15 +0.0^ 0.0 

16 -0.42 -0.44 

17 -0.03 -0.12 

18 ♦0.06 -0.03 

19 +0.12 -0.04 

20 +0.01 -0.16 



CHAPTKR 5 

CQHCUJSIQgS HD BICOMMmDATIOHS 

The principal oonclnalon of the present work is represented hy the 
no mall sed free-eir peak orerpressure curTe shown in 7ig# 4#4 and tabu- 
lated In Appendix» Table A,**, It is considered that farther measure- 
nents of the saae kind would not alter this curre substantially, but 
would merely pro Tide more statistical data on which to base conclusions 
recardinc tho variability of peak eyerpressures» Tentatire conclusions 
■ay be derived on this point from the present data« Considering all 
measurements from both shots» the root mean square percentage deriatlon 
from the tabulated curre is 1? per cent* Eowerert an unduly larfe frac- 
tion of this comsj from the large deviations of canisters 3» 4t and Ik 
on Shot '*• If these readings ars discarded, the variance is reduced to 
9*6 per cent, which is of about the same order as the apparent variance 
estimated from the results of previous tests with the same equipment« 
It is not certain how much of this is to be attributed to errors of 
measurement and how noch le due to real variations in peak overpressure 
caused by variations in the effective blast output of the bomb or by the 
effects of small scale inhomogeneitles in the atmosphere such at turbu- 
lence, wind shears, temperature fluctuations, stc« 

5«2 pjp OT Iff TPTO fOfft 

The disagreement between the observed path of the triple point on 
Shot 9 s&d that calculated from small charge data indicates that at pres- 
ent we have no means for making a reliable prediction of this path at 
high altitudes« Since the blast-induced loads on aircraft may be quite 
different on opposite sides of the path, further information is clearly 
desirable from the point of view of the positioniag of test aircraft as 
well as in connection with the delivery problem for bombs of very large 
yield. 

5.3 sgawra w TO? mmm AM >WP ?HWK 

The occurrence Just above the triple point of a maximum in the ratio 
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of peak oTerpresiure In the reflected shock to that in the direct shookt 
which is in qualitatiTe agreement with theoretical and shock tube re- 
sults« gives added weight to the need for more detailed study of the 
pressure distribution in the nei^iborhood of tho triple point* The var- 
iation of tiue interval between direct and reflected shocks in this 
region is also an important factor since increased dynamic stresses on 
aircraft are to be expected at points where this interval coincides with 
a natural period of a critical structural element* 

The conclusion that the peak overpressure at the triple point is 
about 1*46 times as great as the free-air peak overpreasurc and that 
this ratio diminishes to a limiting value of about 1.26 well below the 
triple point must be considered as very tentative, since it rests on 
relatively few measurements and a single heigit of burst« It should 
also be emphasised that these ratios are applicable only at low overt» 
pressures (say less than 2 psi) and at points far above the reflecting 
surffcoe. 

The time and expenditure needed to obtain detailed data on the path 
of the triple point at high altitudes, and the distribution of overpres- 
sures in its neighborhood, would be prohibitive if it were to be done 
directly with airborne pressure gages and atomic detonations at a wide 
range of heights of burst. It is therefore recommended that the avail- 
able small charge data be checked and extended as a preliminary step. 
Although» as indicated by the present results, it is not expected that 
the El data will scale quantitatively» only a few full-scale atomic 
tests may be necessary to indicate how the HS curves moat be modified 
for use in predicting the corresponding effects for atomic bombs. 

With the preeent telemetering canister instrumentation there are 
severe limitations on the amount of data than can be obtained on any 
one shot. Considering the uncertainty in the preshot estimate of the 
position of the triple point trajectory and the possibility of large 
errors in the deployment of the canisters at pre-assigned positions and 
times with respect to an air-burst bomb it most be considered as unusu- 
ally fortunate that the present test yielded as much data as it did. 
for future measuremente in the neighborhood of the triple point it is 
recommended that consideration be given to the development of a very 
small parachute-borne canister, with a self contained pressure record- 
ing qrstem that could be deployed in large numbers and subsequently 
recovered. Tor tests conducted at the Nevada Proving Grounds a high 
percentage of reoovery say be anticipated. In the UPSHOT-KNOT HOLE 
tests 30 canisters were recovered out of 34 dropped, in most cases with 
no damage beyond a bent pressure probe. 
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TABLE A#l - - Shot U Radiosonde Data for 6 April 1953» 1330 2 («0730 PST) 

Altitude 

Ocft) 

Freseure 

(pai) 

Tonperatiax Sound 
Velocity 
(ft/sec) 

Wind  1 
Velocity 
(ft/eec) 

Wind   1 
DLreotion 

|  4.025 12^9 15.5 1117 12 045   1 

5 12,10 12.0 1111 3 030 

6 11.69 9.1 1106 5 300 

7 11.26 5.7 1098 17 310 

3 10.79 3.6 1094 22 310 

9 1044 1.9 1091 35 280 

10 10.07 0.0 1087 47 280 

j n 9.66 -2.3 1083 52 280 

\   12 9.31 -4.0 1079 56 280 

13 8.96 -6.4 1075 76 280 

i  U 8.62 -8.8 1070 81 280 

\   15 8.33 -10.8 1066 52 280 

16 7.99 1  -13.1 1061 57 280 

17 7.66 -U.5 1058 63 1  280   j 

18 j   7.34 -15.7 |  1056 1  108 290 

19 7.05 -17.9 1051 |  123 290 

1 20 6.79 -20.1 j  1047 !  122 290   1 
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TABLE A.2 - Shot 9 Radiosonde Data for 8 May 1953, 1530 Z (=0730 PST) 

Altitude 

(kft) 

Pressure 

(pal) 

Temperature 

(0c) 

Sound 
Velocity 
(ft/sec) 

Wind 
Velocity 
(ft/sec) 

Wind 
Direction 

5.5 12.23 +8.0 1103 12 255 

6 11.96 +6.7 1100 13 270 

7 11.48 ♦4.2 1095 15 295 

8 11.02 ♦1.2 1090 17 320 

9 10.58 -1.0 1086 17 300 

10 10.16 -3.0 1081 20 260 

11 9.77 -5.0 1077 32 255 

12 9.43 -6.0 1075 U 250 
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TABLE A .3 - Altitude Scale factor* 

Altitude 
(kft) 

Shot i, Shot 9                   1 
X ^ X **            i 

A 0.869 0.955 

5 0.890 0.965 

5.5 1.0ÜÜ 1.000 

6 0.911 0.974 1.015 1.005 

7 0.932 0.981 1.045 1.016 

8 0.953 0.983 1.075 1.026 

9 0.975 0.991 ...107 1.038 

10 1.000 1.000 1.139 1.049         i 

11 1.026 1.007 1.173 1.060 

12 1.054 1.017 1.207 1-073         j 

13 1.082 1.027 

U 1.111 1-035 

15 1.U1 1.047 

16 1.173 1.058 

|             17 1.205 1.065 

18 1.240 I      1.075 

19 1.275 1.085 

ll            20 1.312 1.098 
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